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Bureau of Aeronautic 6,  Navy Deparhnt  

TANK TESTS OF A l/?-SIZE PCWE3ED DYNAMIC MODEL OF THE 

SFRAY CHARACTERISTICSt TAKE-OFF AND LAWDIKG STABILXTY 

' E l y  Norman S. Land and Howard Zeak 

Tests of a model of the XJR2F-1' amphibian were made in Langley 
tank no. 1 t o  determine the spray oharaoteristios and the take-off 
and l anding   s tab i l i ty .  

At a gross load of 22,000 pounds full size ,  spray entered the 
propeller  disk6 only at a very narrow range of speeds. The spray 
s t r ik ing   t he  f l a p s  was not exoessive and no appreciable wetting of 
the t a i l  surfaoes was noted. 

The trim limits of s t a b i l i t y  appeared to be sa t i s f ac to ry  and the  
upper-limit porpoising was not   violent .  The stable range of center- 
of-gravity looations with f l a p s  s e t  X I o  was w e l l  af t  o f  the desired 
operating  range. However, w i t h  f l a p s  up, the forward l i m i t  -8s about 
18 peroent mean aerodynrunio ohord and the aft llmft about 28.5 percent 
mean aerudynamio ohord at a load of 26,000 pounds and w i t h  elevators 
deflected -10'. Under these oonditions the looation of ' the step is 
considered satisfactory. Test6 showed that the ef feot  of water . -  
i n  the nose-wheel well would be t o  move the forward limit a f t  about 
2-peroent mean aeirodynamfc ohord. 

. 

Without   vent i la t ion o f  the main step,  the model skipped during 
landing a t  mosk trims, but this ski -p ing  was not  violent. K i t h  the 
vent i la t ion ,  the m o d e l  skipped lightly only at kfme where the afterbody 
keel w a s  approximately parallel t o  the water (around 7.5O). 
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The take-off and l and ing   s t ab i l i t y  and the   sp ray   cha rac t e r i s t i c s  
of a l/'j"siee powered dynamio model of t h e  Grumman XJR2F-1 amphibian 
have been invest igated in Langley tank no, 1. This  airplane i s  
designed f o r  a i r -aea  resaue purposes and w i l l  operate  with a normal 
gross load of 22,600 pounds. The liaes for the h u l l ,  furn3 shed by 
the  Grumman Airoraft Ehgineering Corporation, were developed frm r e s u l t s  
of tests whioh were made i n  the  towing basin a t  Stevens  Inat i tute  of 
Teahnalogy on a l/l7,6-size hull model. (See referenoes 1 and 2.) 
The tests desoribed in t h i s   r e p o r t  were  requested by the Bureau o f  
Aeronautics, Navy Department, in t h e i r   l e t t e r  of  May 7, 1945, 
Aer-E-@-FAL, and had as t h e i r  purpose the evaluat ion of t he  hydro- 
dynamfo oharaoteristios of the f inal  design. 

An inves t iga t ion  of the  take-off s t a b i l i t y  :was made by determining 
the limfte o f  stable t r ims and center-of-gravity  loaations.  In 
addition, the range of speeds and loads over whioh spray  entered  the 
propel le rs  WBS determined. Landing behavior wus observed with and 
without the van t i l a t ion  of' the  s t e p  provided i n  the manufacturer' 8 
design. Also, the  e f f e o t  of water in the  nose-whoel comparknent was 
iwe stigated. 

Mr. John Heins of the  Grumnaan Airoraft  Eaginoering  Corporation 
witnessed most o f  the t e s t e .  

DESCRIPTION OF THE MODEL 

A 1/7-slee dynamioally.sim!ilar model of the  XJR2F-I was constructed 
at the Langley Laboratory, using drawings and dimensions furnished by . 
t he  Grumman Airoraft Engineering Corporation. The principal  ,dlniensions' 
of the.model are given i n  t a b l e  I. The general  arrangement of the  
model is shown in figure 1, and photographs sre presented i n  figure 2. 

Several .dimensions of the model were not scale values of the full 
- .  

sise. :The 6nly prop l l ers  availabfs for these t e s t s  hexi a diameter whioh 
was 0.5 &he' -; grea ter  thpn soale diameter.. . TM per taaa l   ' looa t ion  of M 

the center  o f  .&adty was. 1.5 inohes a b o k  t he  design.posit.fon on the 
m o d e l  {neoeesary' in o r d e r   t o  balanoe the model a t  l i g h t  l cads)  The 
horizontal skabiliter was s e t  a t  aa inoideqoe .of  4.5O: to fhe base iine . . 
a8 shown on the OrigfioaS Qrawings .re&fved -frcq :the ;Gr.wnnia.rl Corporati@. 
T h i s  s e t G g ' y s  lo highpr E h m  %he set$ing ,tid'optsd ,,later ky' t'heii- ' 
desfgn engineers, -These &eparhrSe.  f r c i m .  tlie .sc,le valuer would have. oniy 
a negSigib:le eilfeci;',on-the. . test rewlt's. I i 

. .  . , 
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The general   oonstruction of tke model was simflar t o  t h a t  of 
most dynamio models t e s t e d  in the Langley. tank. (See reference 3.1 
Tlre hu2.l was built in three p a r t s  to faoilitate ohanges in the  depth 
and posi t ion of the  step. Ventilation duote f i o m  the main wheel w e l l s  
t o  the s tep  were provided in the model t o  simulate the  f u l l - e i z e  
i n s h f l a t i o n .  Drain holes f o r  the main wheel mils were. a l s o  provided 
in the  mode f . 

The model was equipped w i t h  a nose-wheel w e l l  (dummy &heels inside) 
and drains. The drains were fitted with small fairings that approximated 
the shape of those dsed on the full s i ze .  

The power ins ta l la t ion   oons is ted  of two 2.O-horsepower, three- 
phase, variable-frequenoy, s l e a t r i o  motors which turned three-blade 
me t a l  pr ope llsr s . 

S l a t s  wera attached t o  the leadfng edge of the w h g  in order t o  
delay t he  sk l l  to angles more nearly oorresponding to the stall 
expeoted for the fill size .  

The pitching  mment of  i n e r t i a  o f  the bnllasted nodel  w a s  5.23 slug- 
f e e t 2  a t  a center-of-gravi ty   locat ion of 25-perosnt mean aerodynamic 
chord.  This moment of i n e r t l a  is 12  percent greater than that 
corresponding t o  the f u l l  s i ze .  

APPARATUS AND PROCEDURE 

T h e  tow3ng equipment and 6 m e  of the tes t ing methods used in 
Langley tank no. 1 a r e  described i n  referenoe 4. A descr ipt ion of 
similar t e s t  proiredures used for thia inves t iga t ion  is. presented in 
reference 3 

Unless otherwise specif ied,  the following oanditions were main- 
tained for a l l  of t he   t e s t s :  

Stabilizer, -0.5O to the  pling ohord 

Leading-edge slats an wing 

Deflection of e l eva to r s  -100 

Position of center  of g r a v i t y ,   v e r t i c i l  positicm 16.06 inches 
above kee l  a t  step, horizontal   Dosit ion,  25 -peraent mean 
aerodynamia ahord 

For t e s t s  with full pawer; blade angle 12O at radius rpm, 7100; - 
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where 

Te ef feo t ive  th rue t ,  pounds 

D drag of model without  propellers, pounds 

R measured resultant horizan-t;al force, power on, pounds 

Without povier, the aerodynamio l i f t  and pitching moments were 
measured a t  a Speed of 40 feet per seoond. With power, the aerodpamio  
lift and p3tching moments were determined for  a range of speeds 
from 0 to 40 f e e t  per seoond. The aerodynamic lift and pitobing 
moment ooeffiofents, oomputed from thGse data, are defined 8 8  follows; 

. .  

.- 

.- 

where 

L l i f t ,  pounds 

M pitching moment, pomd-feet (referred to a position of the 
oenter of gravity of 25 percent M.A.C.) 

P density of air, slugs per cubio foot 

s area of wing, feet2 



" 

V carriage s p e d ,  feet per second (about 95 percent of airepeed) 

c meen aerodynamio ohord, 1.54 feet 

The effects of  power, leading-edge slats, and the  gap betwsen 
leading edge of the e leqator and the stabilieer on the trim in the 
air were detarmined by tawing the model free t o  trfm, at  a oonstant 
speed of 40 feet per second, with the KEL~R s t e p  j u s t  ole= of the 
wcter a 

An  investigation of the bow spray was made for a speed range 
f r o m  0 t o  15 f ee t  per  seoond, with full p m r ,  f l a p s  Oo, and a t  
gross  loads of fram 63 t o  75 pounds. Fhotographs of the. barn spray were 
%ken a t  speed inareme~ts of 1 f o o t  per seomd. 

The t r i m  limfts of stabilfw. were datermined with f l a p s  def lec ted  20°, 
at a gross  load of 75 pounds, with and without power. The lower t r i m  
limit was obtaine2 w i t h  th6 center  of grav i ty  at 22 peroent mean 
aerodynamics chord, and the upper trh limits at 32 percent mean 
aerodynmtc chord. The aerodynamic pitching mments were not grea t  
enough to completely detsrmine upper - and lower-tr im l imit8 a t  a 
single position of the centeT -of gzavity. 

. The limit8 f o r  stable p o s i t f c r ?  ol" the center of pavfty were 
determined with full power and a t  gross loads o f  65.2 and 75 pounds, 
elevator  sott i lzgs.  of Oo, -loo, and -20°, and. f l a p  settings of O0 

second was used for these t e s t s .  
*. and 20°. A uniform rate of sooeleration of I foot per second per 

.I The landing s t a b i l i t y  .w&s det.ermin8d: for EL trim range f'rm 3.5O 
' t o  12.5'. The landings wera made w i t h  apprbxha te ly  l"ul1 thrust, 4 with f l a p s  doflecked k50r and at a gross load. of. 75 pounds. The 
v a r i a t i o n  in t r ' i m  ana rise during landing was rucoPded. 

.. 

. 
- I  

REm3LTS AND DISCUSSION 
, . .  . 

Aerodynamic tests.- The effedtive t h r u s t  i n  the take-off range 
with a p rope l l e r  blade 'angle of -Eo G d  an r'pm of  7 l O O  is presented 
in figure 3 .  The s c a l e   t b - u s t  Dam the Grumnm estimate f o r  the fill 
size is given for comparison. . .  

Aero6pmiio  lift mid pikching-moknt coe.ffioieqts, with power 
off ,  -for fJap defIectfons of 200 h d . 4 5 '  are' Shown pl'otked against 
k i m  in figures 4 and 5,resgkctively. ' .  S b i l a r  'data,. wi th  full -thrust, 

. .  

. . .  . . ..,. 

. .  , .  . -  . .  . .  . 
. " 
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f o r  f l a p  defleot ions o f  Oomd 20' a r e  presented   in  f i g u r e s  6 and 7, 
respeotively.  The var i a t ion  of E f t  with speed, w i t h   f u l l   t h r u s t ,  f o r  
a f l a g   d e f l e c t i o n  of 20° is given ir! f igure  8.  

The effeot of power on the  f ree- to- t r im  oharacter is t ics  of the 
model in  the  air  w i t h   t h e   f l a p s  s e t  20' i s  shown i n  figure 9. With 
f u l l  power, a very small ohange in   e l eva to r   de f l eo t ion  { 2 O )  was 
su f f i c i en t  t o  change the  trim o f  t he  model 130. Figure 10 shows the 
re lak ive ly  small e f feo t  of leading-edge slats and the   e leva tor -s tab i l izer  
gap oa the trim i n  khe air. 

Spray characteristios.-  Representative  photographs of the  bow 
spray ( f i g s .  11 and 121 were selected to omer  the range of speeds 
over wh5ch the  spray  er tered  the  propel ler   dfsks .  The-range of s p e ~ d s  
o m r  m5ich spray entored thQ propel ler   d isks  i s  shown i n  figure 13. 
kt g ~ x s  loads up to  about 65 pounds, light spray  entered the propel le rs  
0~81' a very  narrow range of speeds. At gross loads above &j pounds, 
spray in the   p rope l le rs  74238 blown b o k  over the t o p  of t he  wing. 

The range of  speeds over which spray struok the f l a p s  i s  shown 
in  figure 4. This range wa6 almoot t h e  scqe a s  that i n  whioh  tho 
spray e n b r e d  the propel ler .disks .  The spray   s t r ik ing   the  flaps 
vas not  oonsidered exce8sive. 

c 

T r i m  limits 4f s t ab i l i t y . -  The t r i m  limits of stability with and 
without power are  : sho:.m in figure 14. The range o f  stable t r h s  

The roach from uslder the afterbody d i d  not   excessively s s t  t he  
tail extensior. A t  plmirg  speeds the s ? r q  f r o m  under the forebody 

surfaces was noted. 
oleared the hor izonta l  t a i l  and no apprecihble wetting of the t a i l  .- 

between the  upper limit, inzreasii:,:. trim, ,and- iower trim l imi t  i s  

porpoising was a o t  v i & l s n t  ~ n d  recovery from upper l i m i t  porpoising '/ 
oould easily be made by use of the   e leva tors .  

about 6.5' with p&sr aid about 8,* without power. Upper limit I 

" 

Center-of-gravity limits ' fo r  take-of'f.- The v a r i a t i o n  o f  t r i m  
with E e e d  with  a f lap   def leo t ion  of' 200 f o r  several moss loads.  
e leva tor  defleotions,  and l o o a t t n q  o f  t he  center of &avitjr are- shown 
in f i g k e s  16 t o  18. . $.h&r&,ximum. mj'l$tude . o f '  porpoising  obtained 
f r o m  these  .data  i s  plotbed B;gaigist t,he ?.or:e-and-<ft p o s i t i o n  of the 
benter of grav i ty  i n  figur'e 19. 3%' is appeent. '-9r,onr this figure t ha t ,  V * -  

f o r  each  def leot ion OF the  elevators, thbre '  is a 'forward and an after 
p o s i t i m  of the  center of gravity beyond,~hiah porpoising, i o  enoountered. 
Assuming a maximum a.liowible .gmplitude. of. porpois.3.ng o? 2O, these .- 
l i m i t i n g  positions have'beeh plo t ted   aga ins t  'gross load in figure 20. 
The d i scon t inu i t i e s  in *he. foWa+d' 1Gi.t;~ fo r ' e l eva to r s   de f l ec t ed  -10' 
and -ao apparent ly   are  due t o  a peoul ia r i ty  i n  the hydrodynamic 
trimming moment oharac t e r i s t i c s  of the hull .  

I 
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' At the 'dbs ign  gross lckd (22,b pounds f g l l  s i z e )  and - d t h  f h p s  
down 2oo lower l i m i t  porpoising greater than 2 amplitude w a s  enaountered 
w i t h  the cenbr  of gravity fommd of 28 peroent me= aerownamio 
chord. (See f i g .  20.) This is about '2L@rcent aft ,of ' t h e  most after 
center o f -g rav i ty  looa t ion  :@+en In the  Grummaa weight and balanm ' 
report   (reference.  5) for tliis-.'foad. With the estimated loading oonditions 
encountered i n  servioe, taka-offs with f l a p s  deflected 20' would'be 
s u b j e o t   t o  prohibitive porpoising. In order t o  permit W e - o f f s  with 
f l a p s  ,do+& 2O0 and the center  of gravity a t  23 percent m a n  aerodynamio 
ohord, the forward cen$er-of-gravi.tg limit should be moved forward 
appromimatejly 5 peroent .meb aerodynmio chord. The r e l a t ionsh ip  
between a step moyoment 'and  the consequent shift in the forward 
oenhr-of-gravi ty  limit oan be approximately expressed by the 
following  equation: 

Step movement, peroent M.A.C. = 0.g; l i m i t  shift, percent M.A.C. 
Gross load 
Losd murater 

where 

6. e. limit 

Gross load 
. .  . .  

shift = 5 peraent  m a n  wrodynamio chord 

6.2 POUndS 

. .- 
-. 

Aiiditionai:te8te were kade t o  &$ermine $he t ake -o f f   s t ab i l i t y  
w i th   f l apa  Oo &s"a:meana of? reducirg%he b m  down pi tohing  momehts 
due to: the flaps.. The r e s u l t s  of t h e e  tests,; a t  a gross load ' 
corresponding tO~26,000 po&~ds, are- $&own in qigures 21 and 22. 
With -loo e l e 6 t o r s  no porpbising, qaeeding 2' i n  amplitude, w a s  
observed at positione of tM center 'of grav i ty  between 18 and 
28 per'cent me- aerodpamio chord. T5th -20' Tolevator high angla 
porpoiaing "8 excessive at center-of-.gravity  locations aft of 19 
peroent. A domparison o f  f i gu res  2 O w d  22 bdfoates  t t a t  reducing 
the flip deflection from. 20° t o .  O? moved the- r'ange.,of stable locations 



of t h e  oenter of  g rav i ty   fomrd   approx ima te ly  11 ysaroent. Using 

the def leo t ion  of t h e   f l a p s  is Vsr3 small and def lect ion of the 
elemtors i s  between -5’ and -loo.. 

. . the -design step location, stable take-offs can  then be mado only if 

E f f e o t  of i a t e r  i n  nose-wheel w e l l . -  In order  to  determins  the 
effect  of  water in  the  forward  wheel well on the  take-off   s tabi l i ty ,  
a few run8 were made wi th   t he  dra+s open. Tiio model was accelerated 
from res% t o  get-away a t  r a t e s  of acce lera t ion  o f  1.1, 2.9, and k.3 fe-zt 
per  secodd per second. Figure 23 shms t he   va r i a t ion   i n  trim with 
speed ,at khese rates of aocelerat ion with the   drains  open m d  closed. 

A o m p r i s o n  of t h e  t r i m  t raoks shows t h a t  when t he  drains sre 
opene4 (Rater  enters the wheel w e l l )  the f’ree-to-trim track up t o  the 
hum? ::3 s l i g h t l y  lowered  and the amplitudes of porpoising are s l i g h t l y  
inore r?ed ompared t o  when the  drains are o losod .  The e f f e c t  o f  t he  

forward  acoeleration is shown in  f i T . r e  a. From the  plot8  of this 
f igure  and those of f igure  19 it Lr: r,ztimated that i f  thc drains a r e  
opened,‘the f o m r d  oenter-of-gravity l i rn i . 5  would be moved a f t  approximately 
2 peroent mean aerodyncmic ohord. * 

, ’  draias on the var ia t ion  of maxi~um €~mplitud8 of porpois i rg  with 

. .  
Irrnding s t ab i l i t y . -  A summary of  t he  results of the  landing tests, 

PreFared from visual observations and trim and rise reoords i s  shown 
i n  the followfng t a b l e t  

. I  . .  
. . . .  . vel;ts at s t ep  . . b a n g  t r i m  b a i n g  behavior .I 

(deg) : 

, ._ . .  
. . . .  . .  . 1.5 

6.0 
6.2 2 skips 
7.0 skips  
8.2 StaSle 
9 05 Stable 

I- ’ 

Close6 

11.0 - . .  .__ . 1. skip 
- 12.5 2 skips 

4.5 . . . .  1 heave 
7.0 . 1 skip 

. .  . .  . -  . ’ .  

. .  
. ,  . .  .. 7.5 

’ Ope? ’: . .  

. . . .  . . . . .  
. . . . . . . .  . . .  . .  . .  .. :- 
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' The tank tests of the mode 1 of kh8 XJR2F-I indicated the following 
charagtsrfs t ios:  

. .  . . . . . . .  , '  

I. At gross l oad i  up t o  th.e norm1 (22, &IO pounds f u l l  s ize!  
light spray entered the propeller disks over a very  narrow range of 
speeds. The spray striking the flaps was not excessive. At planing 
s p ~ o d s  no appreciable  wetting of the  t a i l  surface was noted. 

2. ,.The,. tr,iq .limfts o f  s t a b i l i t y  tappaared t o  be s a t i s f a c t o r y  and 
upphr limit porpoishg was not violent..  he range of stable trims 
between the lower lhit and ths upper' lhit i~creasing t r i m  was 
approximately 6.50. ....... .. c -br  

,. . . . . . . .  -. . . . . . . . . .  . L  .- . 
3. With f l t c p e  -@o.ppn :2O~.,and,~-?po e153~4tor-s.,.: l o m r  lkit porpoising 

exoeeded Z0 amplitude at positiona of the  center of gravity forward 
of 28 percent m e a n  aerodynamio ohord.  For s t ak le  take-off w i t h  the 
center of gravity at  23 peroent mean aerodynmic ohord the stop 
should be moved forward approximately 1.3 f e e t  fullsite.  

4. With Go f l a p s  and -10' e leva to r s ,   t ake -o f f   s t ab i l i t y  was 
sat; isfactory at positions of the center of gravity between  15.0-percent 
and 28.5- peroont mean aerodynamio chord. 

' 5. The e f f e c t  of decreasing the  f l ap  deflection from 20° t o  0' on 
the  forward  oenter-of-gravity l imik  was to m o m  ft forward approximately 
I1 .percent mean EterodJmmio ohord. 

6.  Wahr i n  the nose-wheel w e l l  decreased the trim and inoreased 
the probability of enoounterfng l o w r  limit porpofsing u t  forward 
positions of the center  of gravity.  This ef'f'ec-t was approxha te ly  
equcl to a forward movement of the centor of  g rav i ty  of 2 percent 
mean aerodynamic  chord. 



7. With the vents olosed, the model sklpped during landings 
at most t r i m s ,  but this skipping was no+ violent.  With the vents 
open, the model skipped lightly only at trims where the  afterbody 
keel was approximately parallel to the water (around 7.5') 

Langley Memorial Aeranautiual Laboratory 
National Advisory Committee for Aeronautios 

Langley Field, Va. 

. 
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I t e m  NACA mcde I 212 &man XJR2F-1 
1/7 size full size 

95 .o 
3 12.0 
252.0 
167 .o 
73 1.0 
5-92 

W a n m r  88 
6.8 
7.1 

Horizontal t a i l  surface 
Area, S q f f ; .  . . . . . . . . . e . .  . . . ? o b 7  170.0 
Span, in. . . . - . . . . . . . . . 49.72 '34s 00 
Angle of stabilizer to wing chord, dsg . . . . . . -0.5a -1.5 
Elevator, root chord, fn. . . . . . . . . . . . , 8.06 56.4 
ElevaLor, senisma, in. . . . . . . . . . 24.86 174.0 
Length from 5 percent Y.A.C. of wing to 

hinge line of elevators, in. . . . . . 55.43 388.0 
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Figure 15.- Model 212. Wim liEits of stability,  Dower off and power 
on. Gross load 75.0 pounds (26,000 pounds f i l l - s f e e ) .  Flaps 
deflected 20'. 

Figure 16.- Model 212. Variation of trim with speed. m o s s  load, 
65.2 pounds (22,600 pounds full-size) ; full pmer; flaps, 20°. 

Figure 17.- Model 212. Variation of' trim with speed. Gross load, 
70.2 Dounds (24,300 pounds full-size) j full power; flaps, 20'. 

Figure 18.- Model 212. Variakion of tr im with speed. Gross load, 
75.0 pounds (26,000 pounds full-size); full power; f laps,  20'. 

Figure 19.- Model 212. Maximum .amt)litude of porpoising at several 
gross loads, elevator settings, and locations of the center of 
gravity. ~ u l l  qomr; flaps, 20'. 

Figure 20.- Node1 212. Effect of gross load on the llmits of stable 
looations of' the oenter of gravity. Full power; f l a p s ,  20'. 

Figure 21.- Model 212. Variation of t r i m  with speed. Groas Iokd, 
75.0 p o d s  (26,000 pourds f i l l - s i z e )  j '  f u l l  pmer; flaps, Ool 

.- 
(a) Center of graPity locations 18 t o  32 peroent M.A.C. 

Ffgure 21.- Concluded? " - - .. . 

(b) Center of gravity locations 34 and 35.5 percent M-A.C1 

Figure 22.- Model 212. Maximum amplitude of norpoising a t  several 
elevator deflsotions and looations of the aenter o f  gravity. 
Gross load, 75.0 pounds (26,000 pounds fu l l - s i ze ) ;  f u l l  power; 
f l a p s ,  oo. 

Figure 23.- Model 2l2. Effect of nose-wheel drains on t r i m  tracks for 
several  acoelerations. Gross load 65.2 pounds; f u l l  power; oenter 
of gravity 30 percent K.A.C.; f l a p s ,  20°; elevators, -30°. 

FQure 24.- Effeot of nose-*heel drains on maximum amplitude of 
por?oising for several aoceleratibns. Gross load, 65.2 pounds; 
full power; center of gravity, 30-peroent M.A.C1; flaps, 20°; 
e levator s, -3 0'. 
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FIGURE LEGEtlDS 
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Figure I.- General  arrangement of model 212. 

Figure 2.- Model 212. 1/7-full size model of Gruntman XJEt2F-1. 

Figure 3 . -  Model 212. Ef fec t ive   t h rus t   fo r  model and  comparison 
w i t h  scale t h r u s t  from Grumman estimate. 

Figure 4.- Node1 212. Aerodynamia l i f t  and  pitching moment.  Power off; 
flaps, 20°; elevators, -10'; e y e d ,  40 f e e t  per second. 

Figure 5.- Mode1 212. Aerodpmie  lift and oitohing moment. Power off; 
flaps, 45'3 e leva tors ,  -10'; speed, 40 feet  per seaond. 

Figure 6.- Yodel 212. Aerodynamio l i f t  and pi tching moment. F u l l  power; 
f l a p s ,  0'; speed, 40 feet Fer  seoond. 

Figure 7.- Xodel 212. Aerodynamio lift and p i toh ing  moment. Full power; 
flaps, 20': apeed. 40 feet per second. 

Figure 8.- Model 212. Aerodynamio l i f t  cha rao te r i s t i c s   w i th  fill power. 
Flaps defleoted, 20'; elevators   def leoted,  -10'. 

Figure 9.- Eodel 212. Aerodpamio  trim  ourves.  Flaps, 200; Speed, 
40 feet per second. 

Figure 10.- Model 212, Aerodyaamio trim ourve8. Flaps, 0'; speed, - 
40 feet per second: oenter of  gravity at  25-percent M.A.C. I 

Figure 1l.d Model 212. Spray cha rac t e r i s t i c s ,  bow. Gross load, A,, 
65.2 pounds (22,600 pounds full size); f u l l  power, 7100 rpm; center 
of gravitr, 20-percent mean aerodynamic  chord; f lap  def leot ion,  Oo; 
e levator   def lect ion,  - 10'. 

Figure 12.- &ode1 212. Spray cha rac t e r i s t i c s ,  bow. Gross load, A,, 
75 Tounds (26,000 pounds fill size) ; f u l l  power, 7100 rpE; oenter 
of gravity, 20-percent mean aerodynamio chord; f lap   def lec t ion ,  0'4 
e leva tor   def lea t ion ,  -10'. 

Figure 13.- Model 212. SBeed range mar which  spray enters the 
grope l l e r s r  Full power, 7100 rpm, oenter of gravity, 20 percent 
R.A.C.; flap def lec t ion ,  Oo; e leva tor  deflection, -10'. 

Figure 4.- Nodel 2l2. Speed range over which spray strikes  the f laps .  
F u l l  ?mer, 7100 rpm; center of gravity, 20 proen t  Y.A.C.; f l a p  
defleotion, 0'; elevator  defleotion. -10'. 
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Speed, fps 

Flgure 3 .- Model 212. Effective  thrust  for madel and comparison 
with scale thrust from G m a n  estimate, 
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Figure 4 .- Model 212. Aerodynamic lift and pi tching moment. Power o f f ;  
Trim, deg Trim, deg 

f l aps ,  Bo; e1evators,-1O0 ; speed, 40 f e e t  per second. 
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Trim, dee 
0 4 8 12 16 

Trim. dee; 
Figure 5 .- Model 212. Aerodynamic l i f t  and pitching moment. -power off ;  

flaps, 3 0 ;  elevators,-lOO ; speed, K) fee t  per second, 
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Trim, deg - Trim, deg 
F . i m  6 .- Model 212. Aerodynamic l i f t  and pitching moment. Full power; 

flaps, 0'; speed, K) f e e t  per second. 
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Figure 7 .- Model 22. Aerodymic lift and pitchlng moment. Full power; 9 
flaps, 20°; speed, 40 feet  per second. 5 
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Speed, fps NATIONAL AOVISORY 

CoWcllTlEE FOR MROIAUTICS 
Figure8 .- Model 212. A rod m c 11 t a t Astics with f u l l  power. Flaps 

def lec ted ,  2D 8. , Xevaiors'Bef$E€e8,-fS , 
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Figure 3 .- Model 2l2. Aerodynamic trim cwves. 

Flaps, Z O O ;  speed, LK) feet   per  second. 



NACA R,M No. L6JlO 

. . .  . Trim, . . deg 
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(a> E f f e c t  of elevator gap 

- .  
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+ slats of f  

(b) E f f e c t  of slats on leading edge of w i n g  

Figure 10.- Model. 212. Aerodynamic trim curves. Flaps, 
- 

0’; speed, 40 feet per second; center of gravity at 
=percent M.A.C. 
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0 .  

Speed, V, 0 fps; trim, 7 , 1.4'. 
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NACA FCM No. L6J10 

Speed, V, 11 fps; trim, T , 5.1'. 

v, 9 fps; , 4.9O. 

V, 10 fps; , 5.0°. V, 15 fps; f , 8.8'. 
NACA LMAL 46249 

Figure 11. - Model 212. Spray characteristics, bw. Gross load, A o, 

65.2 pounds (22,6430 pounds f u l l  size); full power, 7100 rpm; center 
of gravity, 20-percent  mean aerodynamic chord; flap deflection, 00; 
elevator  deflection, -loo. - 



NACA RM No. L6JlO 

Speed, v, 0 fps; trim, 7 ,  1.2O. Speed, V, 10 fps; trim, 7 , 5.0°. 

1 

* 
a .  

V, 8 fps; 7 , 4.2O. V, 13 fps; 7 ,  7.0°. 

v, 9 fps; T , 4 . F .  V, 15 fps; r , 9.0°. 
NACA LMAL 46250 

Figure 12.- Model 212. Spray characteristics, bow. Gross load, A o,  
75 pounds (26,000 pounds ful l  size); fu l l  power, 7100 rpm; center 
of gravity, 20-percent  mean  aerodynamic  chord; flap deflection, O o ;  
elevator  deflection, -loo. - 
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0 4 8 12 16 a0 NATIONAL ADVISORY z 
Speed, fps COMMITTEE FOR AERoluUTlCS 
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Figure 14. - range over which s ray s t r i k e s  the f la  S. 
q p ;  center  of rav P ty, 23 ercent  M.A.8.; 9 
0 ; elevator  de f lect lon,  -180, !3 
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Figurel5. - f ide l  
Gross l o a d  75.0 

P 
Speed, fps NATIONAL ADVISORY 

COWMITTEL Fop AERollWlCS 
212. Trim limits of stability, ower o f f  and power 08. 
pounds (26,m pornas full-size P . Flaps deflected 20 . 
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F i ~ r e 1 6  .- Model 212. Variation of trlm with speed. Gmss load, 65.2 pounds 
(22,633 pounds fuIl-sizeJ; fill power; flaps, S J .  - 
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CQHMITTEE FOR AERONAUTICS 

Figure I7 .- Model 212. Variation of trim with speed. 
Gross load, 70.2 pounds (ZQ,m pounds full-size) ; 
full power; flaps, ZOO.  
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Figure I6 .- Model 212. Variation of trim with speed. Gross load, 5.0 pounds 

(S,ooO pounds Full-size); full power; flaps, PO. 
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P a5 32 40 
Center o f  gravity location,  percent M.A.C. - 

at  several gross loads, elevator settings, and locations 
of  the  center of gravity. Full power; flaps, XIo. 

F i w e  .I.S,,.Model 212. Maximum amplitude of parpoising 

NATIONAL ADVISORY 
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Center of gravity location, percent M.A.C. 

z 
Figure20 .- Model 212. Effect of gross load on the limits 0 

of stable locations of the center of gravity. Full 
power; flaps, 20~. I 0' 
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NACA RM No. L6JlO 
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FigureZI. .- Model 212. Variation of trim with speef. Gross  load, 75.0 pounis 
(%,ooO pourxis full-size);  full  power; flaps. 00.  
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Speed, fps  

(b) Center of gravity locations 34 and 35.5 percent M. A. C. 
NATIONAL ADVISORY u 

COMMITTEE Fa AERONAUTICS r 
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0 Figure21 *-  Concluded. - or 
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;s 
3 Center of gravity location, percent M.A.c. 

Figure22 .- Model 212. Maxim anplitude of porpoising 
at several elevator def lec t ions  and locat ions of t h e  
center of gravity. Gross load, 75.0 pounds (26,000 
pounds full-siza); f u l l  power; f laps ,  Oo. 
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Acceleration forward, ft/sec2 

Figure 24.- Effect of nose-wheel draina 
on maximum amplitude of porpoisfng f o r  
several accelerations. Gross load, 
65.2 pounds ; full power; center of 
gravity,  30-percent M.A.C. : flaps,~~'; 
elevators, -30'. 
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